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1.  Introduction 

Defence  Research  Establishment  Valcartier  mandated  INRS-Georessources  to  supervise  a 
preliminary  characterization  study  of  the  explosive  burning  site  at  CFAD  Dundum,  Saskatchewan. 
High  energetic  materials  have  been  burned  at  that  site  for  more  than  25  years.  The  environmental 
impact  of  this  activity  on  soil  and  groundwater  is  unknown  and  this  preliminary  characterization 
study  was  undertaken  in  September  1995.  More  than  16  wells  were  installed  on  site  at  8  different 
locations.  In  addition  72  soil  samples  and  3 1  groundwater  samples  were  taken  to  investigate  the  site. 
This  report  includes  technical  informations  on  geology,  piezometry  (water  levels)  and  groundwater 
flow,  soil  and  groundwater  sampling,  energetic  materials  (RDX,  HMX  and  TNT)  analysis  and 
concentrations  in  soils  and  groundwater.  Finally,  conclusions  and  recommendations  are  made  to 
help  the  Ministry  of  defence  better  orient  future  work  which  would  help  the  management  of  that 
site. 


2.  Objectives  and  work  responsabilities 

The  objective  of  this  study  was  to  characterize  the  open  buming/open  detonation  (OB/OD)  area  of 
the  National  Defence  training  area  in  CFAD  Dundum,  Saskatchewan.  This  characterization  study 
includes  drilling  and  well  installation,  groundwater  flow  and  velocity  determination,  soil  and 
groundwater  sampling,  soil  properties  evaluation  (grain-size  distribution,  composition,  hydraulic 
conductivity),  RDX  and  TNT  content  in  groundwater  and  soil. 

Members  of  INRS-Georessources,  Golder  Associates  Ltd.  employees,  National  Defence  scientists 
from  Valcartier  and  members  of  the  CFAD  Dundum  were  involved  in  field  characterization 
activities.  Drilling  and  observation  well  installation  were  achieved  by  Golder  Associates  Ltd.  under 
the  supervision  of  INRS-Georessources  members  (Golder  Associates  Ltd.,  1995).  INRS- 
Georessources  was  responsible  of  soil  and  grounwater  sampling,  permeability  tests,  data 
interpretation  and  writting  the  final  report.  Soil  and  groundwater  sampling  were  done  with  the  help 
of  National  Defence  scientists,  and  members  of  the  CFAD  Dundum  helped  perform  the 
permeability  tests.  RDX,  HMX  and  TNT  in  soil  and  groundwater  samples  were  analyzed  by 
chemists  of  the  Defence  Research  Establishment  in  Valcartier,  Quebec. 


3.  Location  and  geology 

The  CFAD  Dundum  is  located  30  km  south  of  Saskatoon,  Saskatchewan.  The  burning  area  is 
located  on  the  CFAD  Dundum  base  at  3.5  km  north-west  of  the  Dundum  camp.  Topography  is 
typical  of  an  eolian  environment.  Surficial  sediments  are  eolian  plain  and  eolian  dune  (SRC,  1986) 
as  observed  in  boreholes  and  are  underlain  by  fluviolacustrine  sediments.  Two  classes  of  grain-size 
curves  are  observed  (Appendix  1).  1)  a  poorly  sorted  sand  with  a  mean  grain  diameter  (d50)  which 
varies  between  40  pm  to  70  pm  corresponding  to  a  very  fine  sand;  and  2)  a  well  sorted  fine  sand  (d50 
between  100  pm  and  150pm)  which  corresponds  to  layered  sand  deposits  The  proportion  of  silt-size 
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material  in  sand  varies  from  1  to  10%.  The  sand  is  iron  stained  above  the  water  table  which  indicates 
an  oxydizing  environment.  Layers  of  fine  coal  fragments  were  noticed  in  the  sand  between  6  and 
7  m  depth  (around  elevation  495  and  494  m).  The  underlying  unoxydized  till  formations  as  well  as 
the  underlying  cretaceous  rock  formation  were  not  drilled.  The  Bearpaw  rock  formation  in  the  area 
is  defined  as  a  gray,  noncalcareous  silt  and  clay  (Christianson  and  Meneley,  1971). 


4.  Hydraulic  head  and  groundwater  flow 

The  hydraulic  conductivity  was  evaluated  using  downward  slug  tests  which  were  interpreted  using 
the  Hvorslev  (1951)  method.  The  values  measured  vary  by  one  order  of  magnitude  i.e.  from  1.7  x 
10'5  to  1.0  x  10-4  m/s  which  is  usual  in  stratified  sediments  (Appendix  2).  The  geometric  mean 
hydraulic  conductivity  (5.0  x  10‘5  m/s)  is  typical  of  a  fine  sand  (Freeze  and  Cherry,  1979).  The 
mean  hydraulic  conductivity  of  the  sand  was  also  evaluated  from  the  10%  passing  grain  diameter 
(dlO)  obtained  from  the  grain-size  curve  (Hazen  relation  in  Freeze  and  Cherry  (1979)).  The 
estimated  average  permeability  (2.5  x  10'5  m/s)  from  grain-size  curves  (Appendix  3)  agrees  with  the 
mean  hydraulic  conductivity  estimated  from  slug  tests.  Because  there  is  no  low  permeability 
sediment  layers  on  top  of  the  sand  unit,  the  aquifer  is  unconfined  and  is  vulnerable  to  groundwater 
contamination  from  the  soil  surface.  The  water  table  at  the  site  is  located  between  5  and  7  m  depth 
which  corresponds  to  an  elevation  close  to  505  m.  The  horizontal  hydraulic  gradient  (the  slope  of 
the  water  table)  is  0.0005  m/m  and  groundwater  flows  from  east  to  west  (Figure  1).  According  to 
the  following  equation,  assuming  a  porosity  of  0.3  for  the  sand,  groundwater  flows  with  an 
estimated  average  velocity  of  2.6  m/year.  Assuming  that  groundwater  flows  at  the  same  velocity 
between  the  burning  area  and  the  closest  discharge  area  (Indian  lake),  it  would  take  approximately 
2000  years  to  reach  Indian  lake  located  at  5700  m  west.  No  significant  vertical  gradient  is  observed 
in  the  wells.  So,  there  is  no  significant  upward  and  downward  flow  in  the  saturated  zone. 


v=  Ki/n 


where  v  is  the  mean  groundwater  velocity 
K  is  the  hydraulic  conductivity  m/s 
i  is  the  horizontal  hydraulic  gradient  m/m 
n  is  the  porosity  (pore  volume  fraction  of  the  total  volume) 

Since  most  of  the  wells  were  aligned  to  follow  potential  contamination  in  soil  and  groundwater  from 
the  burning  area,  it  is  recommanded  to  drill  nine  more  sites  to  confirm  groundwater  flow  directions 
on  a  larger  area.  The  hydraulic  gradient  is  so  small  that  it  could  shift  with  seasons  and  the 
groundwater  flow  direction  needs  to  be  established  more  firmly. 
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5.  Soil  and  groundwater  sampling 

Sixteen  (16)  boreholes  were  drilled  between  6  m  and  15  m  deep  with  a  4.5  inch  inside  diameter 
hollow  stem  auger.  Records  of  boreholes  from  Golder  Associates  Ltd.  (1995)  are  included  in 
Appendix  4.  Each  drilled  site  is  identified  on  maps  with  letter  P  followed  by  a  number  indicating 
the  site.  Sediments  were  sampled  continuously  at  each  1.5  m  interval  with  a  2  inch  split  spoon  in 
eight  boreholes.  Continuous  records  of  soil  conditions  were  made.  All  drilling  and  sampling 
equipments  were  decontaminated  (washed  with  warm  water  and  rinsed  with  acetone,  hexane, 
acetone  and  distilled  water)  to  reduce  cross-contamination  between  samples  and  boreholes.  Seventy 
two  (72)  soil  samples  were  taken  and  sample  recovery  was  very  good  most  of  the  time  (between 
60%  and  100%)  and  there  were  very  few  unrecovered  samples  (2)  and  a  few  low  recovery  samples 
(14)  from  10%  to  50%. 

One  observation  well  was  installed  in  each  borehole.  Wells  are  identified  on  maps  with  letters  A  and 
B  indicating  respectively  the  deep  well  (A  close  to  1 5  m  depth)  and  the  shallow  well  (B  close  to  6 
m  depth).  Groundwater  was  sampled  using  a  Waterra  pump  in  november  1995  and  in  april  1996.  To 
obtain  a  representative  groundwater  sample  from  the  aquifer,  a  volume  of  groundwater 
corresponding  to  5  times  the  volume  of  water  inside  the  tubing  and  around  the  screen  and  the  sand 
filter  was  removed  from  the  observation  well.  All  observation  wells  were  sampled  in  november  1995 
and  in  april  1996. 


6.  RDX,  HMX  and  TNT  analyses  in  sediments  and  groundwater 

RDX  (hexahydro-l,3,5-trinitro-l,3,5-triazine)  and  TNT  (2,4,6-trinitrotoluene)  concentrations  in  soils 
were  determined  in  the  field  on  every  soil  samples  (except  for  P-8,  with  one  sample  out  of  two)  with 
the  DTECH  on-site  technique  and  on  one  sample  out  of  two  in  the  laboratory  by  the  HPLC 
technique  (EPA  SW-846  Method  8330).  All  results  of  TNT,  RDX  and  HMX  analyses  in  soil 
samples  are  included  in  tables  of  Appendix  5.  HMX  (octohydro-1, 3,5, 7-tetranitro-l, 3,5,7- 
tetrazocine)  concentrations  in  soil  as  well  as  TNT  concentrations  in  groundwater  were  determined 
only  in  the  laboratory  by  the  HPLC  technique  (EPA  SW-846  Method  8330).  All  results  of  TNT, 
RDX  and  HMX  analyses  in  groundwater  samples  are  compiled  at  the  Appendix  6. 

RDX  and  TNT  were  extracted  from  soils  with  acetone  as  described  in  the  DTECH  soil  extraction 
Pac  (TK-1001S-1).  The  DTECH  method  for  TNT  and  RDX  determination  in  soils  utilizes 
immunoassay  technology.  The  minimum  detection  limit  (MDL)  of  the  test  for  RDX  and  TNT  in  soil 
is  0.5  mg/kg  (ppm).  For  TNT,  the  minimum  quantitative  limit  in  a  soil  sample  occurs  at  a 
concentration  of  0.6  ppm. 

In  EPA  SW-846  Method  8330,  RDX,  TNT  and  HMX  in  soils  are  extracted  with  acetro nitrile  and 
estimation  of  these  organic  compounds  concentrations  and  identification  of  their  metabolites  are 
made  by  HPLC  with  a  minimum  detection  limit  of  0.2  mg/kg  (ppm).  RDX,  HMX  and  TNT 
concentrations  in  groundwater  were  determined  by  HPLC  with  a  MDL  of  0.2  pg/L  (ppb). 
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7.0  RDX,  HMX  and  TNT  criteria  and  concentrations  in  soils  and  groundwater 
7.1  Explosives  criteria  in  groundwater 

A  groundwater  quality  criteria  may  vary  as  a  function  of  aquifer  classification,  groundwater 
utilization,  human  health  risk  or  ecotoxicological  risk,  connection  of  the  contaminated  groundwater 
with  surface  water  or  with  other  aquifer  of  higher  class,  and  contaminant  source  location.  The 
Ministry  of  defence  must  study  or  evaluate  what  groundwater  standard  should  be  applied  at  the 
Dundum  site.  For  the  moment,  because  no  such  prior  evaluation  was  done,  we  propose  the  use  of 
a  drinking  water  guideline  based  on  human  health  (Table  1).  Drinking  water  guidelines  exist  for 
TNT  and  RDX.  The  most  recent  data  suggest  a  quality  guideline  for  TNT  in  groundwater  at  2.0  ppb. 
An  Ontario  guideline  based  on  a  AWWA  (American  Water  Work  Association)  reference  of  1983 
proposed  5  ppb.  We  proposed  the  2  ppb  criteria  because  it  is  conservative  and  is  related  to  recent 
litterature.  EPA  published  a  guideline  for  RDX  in  groundwater  in  1992.  This  very  strict  criteria  of 
0.3  ppb  was  based  on  health  advisory  and  should  be  used  as  a  preliminary  guideline  to  see  extent 
of  groundwater  contamination  by  this  high  explosive  compound.  No  quality  guideline  was  available 
for  HMX  concentrations  in  groundwater. 

Table  1.  Drinking  water  guideline  based  on  health  advisory  for  TNT  and  RDX 


Drinking  water 

TNT  concentration 

RDX  concentration 

HMX  concentration 

guideline 

in  groundwater 

in  groundwater 

in  groundwater 

(Pg/L) 

_ (Pg/L) 

(pg/L) 

2.0a) 

0.3C) 

no  data  available 

5.0b) 

a)  IRIS  data  bank  (revised  standard  in  1993) 

b)  Environment  Ontario,  1989  (Emergency  limit  for  long-term  consumption) 
e)  Me  Lellan  et  al.,  1992 


7.2  Explosives  concentration  in  groundwater 

In  the  fall  of  1995  and  the  spring  of  1996,  TNT  was  detected  in  groundwater  of  the  shallow  well  (B) 
of  the  P-3  site  (the  main  burning  area)  but  not  in  the  deep  well  (A)  (Figure  2).  Concentrations  of 
TNT  in  this  well  (2.7  and  1.9  ppb)  are  low  but  close  to  the  drinking  water  criteria  of  2  ppb.  In  fall 
1995,  TNT  was  detected  at  a  value  close  to  2  ppb  in  groundwater  in  the  deep  wells  of  two 
upgradient  sites,  P-1  and  P-2,  but  was  not  detected  in  the  spring  of  1996.  In  the  fall,  a  groundwater 
sample  from  the  shallow  well  (B)  of  the  downgradient  sampling  site  P-6  had  a  measured  TNT 
concentration  above  2  ppb  but  again  was  not  contaminated  in  the  spring.  The  available  data 
indicate  that  groundwater  contamination  by  TNT  is  not  persistent  (appears  and  desapears  with 
seasons)  and  seems  to  be  limited  to  the  burning  area. 
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RDX  concentrations  measured  in  groundwater  are  significant  (BO- 120  ppb)  in  the  shallow  well  (B) 
of  P-3B  in  the  main  burning  area  (Figure  3)  and  are  persistant  throughout  seasons.  RDX 
concentrations  in  groundwater  decrease  significantly  with  depth  to  reach  the  5  ppb  in  the  deep  well 
(A).  Elsewhere  in  the  burning  area,  P-4  shows  a  lower  level  of  RDX  in  groundwater.  A  RDX 
concentration  in  groundwater  which  decreases  with  depth  is  also  observed  at  this  site  (from  4.5  ppb 
to  2.5  ppb).  The  surronding  sites  (P-2  and  P-5)  have  also  detected  RDX  in  groundwater  but  with 
concentrations  less  than  2  ppb.  In  the  same  way,  the  downgradient  site  P-6  showed  2  ppb  detected 
in  both  levels  only  last  fall.  Surprisingly,  the  upgradient  site  P-1  has  persistant  RDX  concentrations 
in  groundwater  close  to  5  ppb  in  both  levels. 

Because  we  dont  know  the  extent  of  groundwater  contamination  by  RDX,  especially  from  the  main 
burning  area  (site  P-3),  we  propose  to  drill  additonnal  wells  downgradient.  Proposed  location  of 
future  monitoring  wells  are  shown  on  Figure  4.  To  better  understand  RDX  and  TNT  circulation  and 
transformation  in  groundwater  we  propose  also  to  install  two  succion  lysimeters  in  the  vadose  zone 
in  the  main  burning  area.  The  lysimeters  could  indicate  the  concentration  of  RDX  and  TNT  in  the 
water  held  in  the  soil  under  the  burning  areas  prior  to  mixing  with  the  underlying  groundwater. 

A  false  positive  have  occured  in  the  groundwater  sample  of  the  shallow  well  of  P-7.  This  can  be 
explained  by  a  probable  cross-contamination  with  the  drilling  equipment.  This  assumption  could  be 
verified  with  an  additionnal  groundwater  sampling  If  RDX  and  HMX  are  still  present  in  P-7  after 
this  sampling,  an  upgradient  well  should  be  installed  to  verify  groundwater  flow  in  this  area. 

HMX  was  undetected  in  most  of  the  sampled  wells  (Figure  5).  Concentrations  of  HMX  in  wells  of 
the  main  burning  area  increase  with  depth  going  from  1  ppb  near  the  water  table  to  4  ppb  at  depth. 
The  same  trend  is  observed  with  the  neighbord  site  P-4.  HMX  seems  not  to  be  used,  persistent  or 
mobile  in  groundwater  since  no  detected  concentrations  are  observed  in  the  downgradient  wells  of 
the  main  burning  area  (P-5,  P-6  and  P-8)  Since  no  drinking  water  standards  are  available  for  this 
organic  compound  and  the  concentrations  detected  are  very  low,  no  specific  recommendations  are 
made  for  this  explosive. 

7.3  Explosives  criteria  in  soil 

A  soil  quality  criteria  may  vary  as  a  function  of  human  health  risk  or  ecotoxicological  risk.  The 
Ministry  of  defence  must  study  or  evaluate  which  soil  criteria  should  be  applied  at  the  Dundum  site. 
For  the  moment,  because  no  such  evaluation  was  done,  we  propose  to  use  existing  soil  criteria  based 
on  human  health. 

Soil  criteria  were  calculated,  based  on  human  health,  by  Daniels  and  Knezovich  (1994)  for  TNT, 
RDX  and  HMX.  They  evaluated  concentrations  in  soil  for  carcinogenic  and  noncarcinogenic 
compounds.  This  study,  which  uses  GEOTOX  for  criteria  calculation,  cannot  be  applied  at  the  local 
scale  (J.-P.  Trepanier,  personnal  communication).  However,  it  gives  an  idea  of  the  relative  toxicity 
of  these  compounds. 
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TNT  and  RDX  are  possible  human  carcinogens.  The  criteria  for  TNT  and  RDX  in  soil  (for  a  1  O'6 
excess  cancer  risk)  presented  in  Table  2  suggest  that  land  contaminated  at  concentrations  above  2.4 
ppb  and  0.35  ppb  respectively,  will  need  to  be  cleaned  up.  The  very  low  level  of  excess  cancer  risk 
used  in  the  calculation  of  these  criteria  is  unrealistic  and  unsignificant  compared  to  the  0.3 
background  cancer  risk  in  the  population.  A  value  of  10"4  is  more  likely  to  represent  the  level  of  risk 
applied  and  allowed  in  our  society.  U.S.  EPA.,  American  policy  agencies  and  Quebec  ministry  of 
environment  are  proposing  and  evaluating  the  possibility  to  use  10"4  or  10‘5  as  potentially  acceptable 
level  of  risk  in  environmental  criteria  calculation  (U.S.  EPA  1991).  For  a  10-4  levels  of  risk,  soil 
criteria  of  0.24  ppm  and  0.035  ppm  for  TNT  and  RDX  respectively  would  be  recommended. 

If  further  toxicological  studies  show  that  these  compounds  are  not  human  carcinogens,  then  the 
levels  for  cleanup  would  be  the  ones  related  to  the  hazard  index:  i.e.  0.037  ppm  and  0.12  ppm  for 
TNT  and  RDX  respectively.  Selecting  the  more  restrictive  criteria  calculated  based  on  the  10"1  level 
of  risk  and  the  hazard  index,  we  obtain  0.037  ppm  for  TNT  and  0.035  ppm  for  RDX. 

HMX  has  inadequate  data  on  carcinogenecity  or  no  evidence  of  carcinogenecity.  The  criteria  for 
HMX  in  soil  (2.2  ppm)  is  based  on  the  hazard  index  because  HMX  is  not  classifiable  as  a  human 
carcinogen. 

Trepanier  and  Ayotte  (1991)  calculated  generic  soil  criteria  for  TNT  based  on  human  health.  They 
evaluated  criteria  based  on  potential  land  use  (Table  3).  Concentrations  of  contaminant  in  soil  lower 
than  B  criteria  allow  residential  use  whereas  a  land  where  concentrations  of  contaminant  are  lower 
than  C  criteria  may  be  used  for  industrial  development.  As  shown  for  TNT,  criteria  may  change 
depending  on  the  proposed  land  use.  The  B  criteria  for  TNT,  calculated  by  Trepanier  and  Ayotte 
(1991),  corresponds  to  the  selected  criteria  by  Daniels  and  Knezovich  (1994). 


Table  2.  Concentration  of  TNT,  RDX  and  HMX  in  soil  above  which  cleanup  would  be 
recommanded  based  on  human  risk  (Daniels  and  Knezovich,  1994) 


Potentially  acceptable 
level  of  risk  and  the 
acceptable  index  for 
noncancinogenic  hazard 

TNT 

concentration 
in  soil  (mg/kg) 

RDX 

concentration 
in  soil  (mg/kg) 

HMX 

concentration 
in  soil  (mg/kg) 

10*6  excess  cancer  risk 

0.0024 

0.00035 

n/a 

10"4  excess  cancer  risk 

0.24 

0.035 

n/a 

hazard  risk 

0.037 

0.12 

2.2 
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Table  3.  TNT  concentrations  in  soil  and  potential  land  use  based  on  human  risk 
(Trepanier  and  Ayotte,  1991) 


Potential  Land  Use 

■ 

0.04 

Industrial  (C  criteria) 

1.7 

7.4  Explosives  concentrations  in  soil 

TNT  concentrations  in  soil  are  low  (Figure  6)  but  the  minimum  detection  limit  (0.2  ppm)  of  the 
analatycal  method  used  is  one  order  of  magnitude  higher  than  the  selected  soil  criteria  (0.037  ppm) 
which  makes  impossible  the  estimation  of  the  contaminated  volume  of  soil.  TNT  concentrations  in 
groundwater  of  some  wells  are  not  linked  to  TNT  concentrations  in  soils  (P-3B,  P-4A  P-6B  P7-B). 
For  a  better  interpretation  of  this  effect,  we  recommend  to  analyze  soil  samples  (P-3  15-20,  35-40, 
45-50;  P-6  25-30,  30-35;  P-7  15-20)  with  the  more  precise  HPLC  technique. 

RDX  was  not  detected  in  soil  (Figure  7)  except  at  P-4  where  1  3  ppm  was  analysed  by  HPLC 
between  40  and  45  feet  depth.  This  zone  contaminated  with  RDX  does  not  correspond  to  the  major 
groundwater  contamination  by  RDX  at  the  Dundum  site  indicating  that  soil  and  groundwater 
contamination  are  curiously  not  directly  related.  The  minimum  detection  limit  (0.2  ppm)  of  the 
HPLC  method  used  is  one  order  of  magnitude  higher  than  the  selected  soil  criteria  (0.035  ppm) 
which  makes  impossible  the  estimation  of  the  contaminated  volume  of  soil  by  RDX. 

No  contamination  of  soil  was  detected  for  HMX  (Figure  8).  HMX  concentrations  in  soil  are 
undetected  or  are  detected  at  two  sites  at  0.4  ppm  which  is  far  below  the  proposed  2.2  ppm  criteria. 

We  recommend  to  the  Ministry  of  defence  to  make  a  risk  analysis  based  on  health  or 
ecotoxicological  data  to  generate  site  specific  criteria  for  TNT  and  RDX  in  soil  and  groundwater. 
From  this  evaluation,  it  will  be  decided  if  more  precise  soil  analyses  are  needed.  However,  the  extent 
of  groundwater  contamination  by  RDX  and  the  groundwater  flow  direction  must  be  better  defined 
before  performing  the  risk  analysis.  Groundwater  usage  in  the  area  as  well  as  aquifer  classification 
should  also  be  better  known.  More  wells  and  a  few  succion  lysimeters  must  be  installed  to  better 
understand  the  behavior  of  TNT  and  RDX  in  soil  and  groundwater  at  the  site. 

8.  Conclusions  and  recommendations 

A  preliminaiy  characterization  study  of  soil  and  groundwater  has  been  done  at  the  Dundum  site  The 
explosive  burning  area  is  located  on  an  unconfined  fine  sand  aquifer  having  a  mean  hydraulic 
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conductivity  of  5  x  10‘5  m/s.  The  water  table  is  located  6  m  deep.  Groundwater  flows  from  east  to 
west  with  a  mean  velocity  of  3  m/year.  HMX,  RDX  and  TNT  have  been  detected  in  groundwater 
and  soil.  RDX  concentrations  in  groundwater  of  the  main  burning  area  is  high  compared  to 
available  contamination  criteria.  However  RDX  contamination  extent  outsite  the  burning  area  is 
unknown. 

HMX  was  undetected  in  most  of  the  sampled  wells.  HMX  seems  not  to  be  used,  persistent  or  mobile 
in  groundwater  since  no  detected  concentrations  are  observed  in  the  downgradient  wells  of  the  main 
burning  area  (P-5,  P-6  and  P-8).  Since  no  drinking  water  standards  are  available  for  this  organic 
compound  and  the  concentrations  detected  are  very  low,  no  specific  recommendations  are  made  for 
this  explosive. 

TNT  was  detected  in  groundwater  of  the  shallow  well  of  the  main  burning  area  and  periodically  in 
other  wells.  The  available  data  show  that  groundwater  contamination  by  TNT  is  not  persistent 
(appears  and  desapears  with  seasons)  and  seems  to  be  limited  to  the  burning  area. 

TNT  concentrations  in  soil  are  low  but  the  minimum  detection  limit  of  the  analytical  method  used 
is  one  order  of  magnitude  higher  than  the  selected  soil  criteria  which  makes  impossible  the 
estimation  of  the  contaminated  volume  of  soil.  TNT  concentrations  in  groundwater  of  some  wells 
are  not  linked  to  TNT  concentrations  in  soils. 

RDX  was  not  detected  in  soil  except  in  one  soil  sample  at  P-4.  This  RDX  contaminated  zone  does 
not  correspond  to  the  major  groundwater  contamination  by  RDX  at  the  Dundum  site  which  indicates 
that  soil  and  groundwater  contamination  seem  curiously  not  directly  related.  The  minimum  detection 
limit  of  the  HPLC  method  used  is  one  order  of  magnitude  higher  than  the  selected  soil  criteria  which 
makes  impossible  the  estimation  of  the  contaminated  volume  of  soil  by  RDX. 

No  contamination  of  soil  occured  with  HMX.  HMX  concentrations  in  soil  are  undetected  or  are 
detected  at  two  sites  at  0.4  ppm  which  is  far  below  the  proposed  2  2  ppm  criteria. 

We  recommend  to  the  Ministry  of  defence  to  make  a  risk  analysis  based  on  health  or 
ecotoxicological  data  to  generate  site  specific  criteria  for  TNT  and  RDX  in  soil  and  groundwater. 
From  this  evaluation  it  will  be  decided  if  a  more  precise  soil  analysis  method  is  needed. 

The  extent  of  groundwater  contamination  by  RDX  and  the  groundwater  flow  direction  must  be 
better  defined  before  performing  a  risk  analysis.  Also,  groundwater  usage  in  the  area  as  well  aquifer 
classification  should  be  better  known.  We  propose  the  drilling  of  additonnal  wells  downgradient 
of  the  P-3  site.  To  better  understand  RDX  and  TNT  circulation  and  transformation  in  groundwater 
we  also  propose  the  installation  of  two  succion  lysimeters  in  the  vadose  zone  in  the  main  burning 
area. 

For  a  better  interpretation  of  the  link  between  TNT  in  groundwater  and  soil,  we  recommend  to 
analyze  soil  samples  (P-3  15-20,  35-40,  45-50;  P-6  25-30,  30-35,  P-7  15-20)  with  the  more  precise 
HPLC  technique. 
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Additionnal  groundwater  sampling  is  required  in  the  shallow  well  of  the  P-7  site  to  verify  if  cross¬ 
contamination  by  RDX  and  HMX  occured  during  well  installation.  If  contamination  persists,  an 
upgradient  well  should  be  installed  to  verify  groundwater  flow  in  this  area. 
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Figure  2.  TNT  concentrations  in  soil  samples. 
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Figure  4.  Location  of  proposed  future  wells  and  lysimeters. 
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Figure  5.  HMX  concentrations  in  soil  samples. 
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Figure  7.  RDX  concentrations  in  groundwater  samples. 
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Figure  8.  HMX  concentrations  in  groundwater  samples. 
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Figure  2.  Essai  de  permeabilite  a  niveau  descendant,  puits  P2a 
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Figure  4.  Essai  de  permeabilite  a 
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Figure  6.  Essai  de  permeability  a  niveau  descendant,  puits  P5a 
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Figure  12.  Essai  de  permdabilite  k  niveau  descendant,  Puits  P8b 
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